Impact of nitrogen limiting conditions on the syntrophic association. A: To assess the impact of nitrogen fixation on the syntrophic association, simulations were carried out in ammonia free media. In a scenario where G. sulfurreducens is the sole organism fixing nitrogen, the maximum relative abundance G. sulfurreducens could achieve was around 45%. No feasible scenarios were computed for syntrophic growth of both organisms, if G. metallireducens had to be the sole organism fixing nitrogen. B: A G. metallireducens strain pre-adapted to fix nitrogen was incapable of syntrophic growth with a G. sulfurreducens nifD mutant, which is unable to fix nitrogen, on ethanol and fumarate as substrates in a media provided with N 2 gas as sole nitrogen-source (blue). However, the same coculture placed in a media provided with ammonium ions performed as fast (orange) as the wild type G. metallireducens-G. sulfurreducens cocultures (green). Error bars shown in the figures represent standard deviation of three replicate measurements. Supplementary Fig. S4 . Comparison of energy conservation strategies adopted. A: Energy conservation by G. metallireducens during DIET. ATP is primarily generated due to the proton gradient established at the inner membrane when electrons are transferred from NADH to menaquinone and subsequently to the periplasmic cytochromes. B: Energy conservation by P. carbinolicus during interspecies hydrogen transfer. ATP is primarily generated by substrate level phosphorylation during the formation of acetate from ethanol. Hydrogen is further generated through electron confurcation at the Nfn complex and the subsequent action of the NADP-dependent hydrogenase. Supplementary Fig. S5 . Effect of proton availability on energy efficiency of the different modes of electron transfer. Robustness analysis was performed on the influx of protons into G. sulfurreducens to assess its impact on energy yield of DIET, DIET+acetate transfer and interspecies hydrogen transfer. While the proton flux had a linear relationship on the efficiency of DIET and DIET+acetate transfer, there was no impact observed in the case of interspecies hydrogen transfer. Supplementary Fig. S6 . Detailed schematic of the expansion of the compartmentalized framework adopted for integrating two different genome-scale metabolic models. The outer-membrane transporters in each of the genome-scale model were replaced by transporters that facilitated transfer from the respective periplasmic compartments to the SMP. Exchange reactions were added for all metabolites present in the SMP. Supplementary Table S1 
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